Introduction
Appropriate motility of the gastrointestinal tract requires functioning of the musculature as well as the enteric, autonomic, and somatic nervous systems. These systems can be perturbed by various local or systemic insults, including but not limited to metabolic derangements, degenerative neurological disease, spinal cord injury, infiltrative disease, post-viral syndromes, and paraneoplastic syndromes [1, 2] . There are a number of disorders characterized by symptoms of dysmotility-anorexia, nausea, vomiting, abdominal pain, distention, constipation, and/or diarrhea-that do not have clear etiologies, such as irritable bowel syndrome and functional abdominal pain [3, 4] . There is a wide range of medical treatments for patients with these symptoms, including pro -and anti-kinetic agents, anti-emetics, antidepressants, antibiotics, laxatives, and other medicines.
Dronabinol is a synthetic cannabinoid that is thought to act through endogenous cannabinoid receptors on multiple organ systems including the central and enteric nervous systems [5, 6] . It has been established as an effective treatment for AIDS-associated anorexia and chemotherapy-induced nausea [7] [8] [9] [10] [11] [12] . It is frequently used off-label for anorexia and nausea of other etiologies, but there is a dearth of literature supporting its efficacy in those settings. Its anti-emetic mechanism of action is not completely understood, although, it is thought to act both centrally and peripherally [13, 14] . Data suggest that it may slow gastric emptying and increase colonic compliance in humans [15, 16] .
We present a case of a 58-year-old woman with debilitating nausea, vomiting, and abdominal pain secondary to intestinal dysmotility whose symptoms were refractory to medical treatment with the exception of dronabinol.
Presentation of case
The patient is a 58 year-old woman who presented to multiple health care providers over several years with symptoms of nausea, vomiting, abdominal pain, and weight loss in the context of reduced oral intake ( significant for a laparotomy for ectopic pregnancy in 1985. After the caecal volvulus surgery, the patient continued to experience episodes every few months of intense, right-sided abdominal pain, nausea, and vomiting. These symptoms progressed over the course of a year into constant moderate nausea, more frequent episodes of pain, and difficulty maintaining an appetite and oral intake. Due to her symptoms, she was unable to continue her work in the food service industry and applied for social security disability insurance. In 2005, she underwent another laparotomy for cholecystectomy during which extensive adhesions were found and lysed. For approximately one year after this surgery, she was symptom-free, but her intermittent "blockage" and near-constant nausea returned.
Multiple etiologies for her symptoms were considered and then, ruled out by additional work-up, including but not limited to diabetes mellitus, celiac disease, inflammatory bowel disease, and connective tissue disease. In 2007, a two-hour gastric emptying study showed markedly delayed gastric emptying. In addition, a capsule study demonstrated luminal stenosis in the small bowel at a site consistent with the location of her Meckel's diverticulectomy in 2003. In May 2008, she underwent a limited right colectomy to treat her presumed recurrent small bowel obstructions at the site of the stenosis. Following this operation, her symptoms diminished considerably until December 2008, when she again felt a recurrence in her nausea, vomiting, and abdominal pain.
Trials of metoclopramide, prochlorperazine, ondansetron, erythromycin, tramadol, megestrol, multiple laxatives, omeprazole, tegaserod, and donnatal among other medicines were either unsuccessful in abating the patient's symptoms or had intolerable side effects. Empiric treatment for possible bacterial overgrowth in the small bowel was attempted with levofloxacin and probiotics, without effect. Various dietary modifications were explored, with a low-fat, high-carbohydrate diet proving to be the most effective. Regardless, the patient struggled to maintain a weight over 50 kg (BMI 18.4 kg/m 2 ).
In 2011, a trial of 2.5 mg of dronabinol twice a day was initiated. Within a few months, the patient began to experience decreased nausea and increased appetite. She denied any adverse effects, and was able to consistently keep her weight above 50 kg.
After the initiation of dronabinol, her course was largely uneventful for several years. Her dose was titrated up to 5 mg four times a day, which sufficiently controlled her symptoms. In May 2014, after a change in her insurance, she received a letter from Medicare stating that her request for coverage of dronabinol was denied, as its use in her case was not supported by the FDA or Medicare-approved references. She presented to the outpatient surgery clinic having been off dronabinol for several days, complaining again of nausea, vomiting, abdominal pain, and inability to tolerate oral intake "like from before." At that time, she weighed 48 kg (BMI of 17.6) with physical exam findings consistent with dehydration. She was admitted directly to the hospital for failure to thrive. While in the hospital, she was able to receive dronabinol and experienced a marked remission in her symptoms. Since, she has obtained dronabinol from the hospital's free care pharmacy and has maintained her weight nearly 50 kg.
Since their original denial, Medicare has denied three subsequent appeals to have dronabinol covered. The patient's surgeon was required to testify in front of an administrative judge, who ruled in favor of the patient finding that the use of the drug in this instance was based on treating the same symptoms as the approved indications. This was subsequently overturned by an administrative oversight panel. The patient does not want symptoms typically associated with marijuana and has rejected the notion of pursuing this option now available in several states. Currently, the patient is working with lawyers at the Medicare Advocacy Project in an attempt to regain stable access to this medication.
Discussion
This patient presented with intestinal dysmotility of unclear etiology. Gastric emptying studies indicate delayed gastric emptying, but there is also an obstructive element that has been temporarily alleviated by lysis of adhesions and resection of the stenosed bowel. Since, as we have been unable to identify the pathophysiologic basis of her disease, our strategy has been to treat her symptoms. She was unresponsive to many different medical therapies but responded excellently to dronabinol, both subjectively in terms of her quality of life and objectively in terms of her weight. Despite this dramatic and consistent response, Medicare has rejected her requests and appeals for coverage of this medicine. When she was admitted to the hospital in 2014 for dehydration and failure to thrive, prompt treatment with dronabinol prevented her from needed parenteral or enteral nutrition.
Research identifying the possible uses of dronabinol is ongoing, and as a result insurance policy is appropriately dynamic. For example, recent evidence supporting the use of dronabinol for Tourette syndrome has been cited in the Federal Register, resulting in approval for coverage for Tourette syndrome by some payers [17] . Further research in the utility of dronabinol to treat symptoms of intestinal dysmotility is warranted, and may allow for both better patient care and more appropriate insurance coverage.
Conclusion
Our experience with this demonstrates that dronabinol can be an effective and well-tolerated treatment option for nausea, vomiting, and abdominal pain secondary to intestinal dysmotility where other modalities have failed. The mechanism of action is unclear, but is likely in the same family of etiologies of other established indications. Lack of insurance coverage for dronabinol can be a significant barrier to care and necessitates continued research to make the basis for policy in the future.
